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Recently there has been mounting evidence for the existence of a cosmo-
logical constant (CC). Here we show that cosmic magnetic fields act as a CC,
having negative pressure and tending to cause cosmological acceleration. How-
ever, if present-day estimates of the intensity of these fields are correct, they
would be too weak to be the cause of the acceleration. It is pointed out that
large-scale coherent Yang-Mills field structures can also act as a CC.
For a few years now empirical evidence from dierent astrophysical sources has
been accumulating that suggests that either the Universe is open or there is a nonzero
cosmological constant (CC). Recently the issue has been greatly claried by groups
studying type Ia supernovae1−4. There is strong evidence that the cosmic expansion is
accelerating and that there is a positive CC. Here we point out that cosmic magnetic
elds act as a CC and are responsible for a part of the experimentally observed accel-
eration. This is surprising since there is a tendency to think that something that can
act as a CC would have to be a very exotic object, but it is actually straightforward
to show from the diagonal space components of the stress tensor of cosmic magneto-
hydrodynamic congurations that these magnetic elds exert a negative pressure and
tend to accelerate the expansion of the Universe.
The reason that we know so accurately the value of the CC is that, fortunately, the
combination of the nonrelativistic mass density ΩM and CC density ΩΛ as measured
using supernovae is almost orthogonal to the combination probed by the cosmic mi-
crowave background anisotropy spectrum. It is then possible to estimate the values of
these two quantities with precision5,6,4, and it turns out that ΩM  0.3 and ΩΛ  0.7.
The equations of general relativity for a spatially flat Robertson-Walker (homo-
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= −4piG(ρ + 3p) + . (2)
(We are using the ‘natural units’ common in quantum eld theory, that take c = ~ =
1.) Here a is the cosmic expansion factor, ρ is the energy density, p the pressure and
 the CC. Notice that with null pressure and density the equations have a solution
of the form a = et/τ , that is, an inflationary solution. There has been one known
mechanism to mimic the eect of a CC using a boson scalar eld (sometimes called
quintessence). A case in question is inflation, that uses the inflaton to simulate a
CC for a short while and produce an exponential expansion even if there is no actual
CC. The idea is that ρ and p should initially be fairly time-independent and satisfy
p  −ρ. This situation can be achieved using the inflaton, whose Lagrangian density
of a scalar eld would have the form Lϕ =12gµνϕ,µϕ,ν − V (ϕ). The rst term is the
kinetic energy and the second minus the potential energy density. Since the stress
tensor of a system with Lagrangian L that does not depend on the metric’s derivatives







we obtain for the density and pressure of this eld ρϕ = T00 =
1
2




_ϕ2 − V, where we have used Eq. (3) to nd the time component T00 and one
of the space components Tii, i = 1, 2, 3. We are also neglecting the spatial gradients
in the formulae for the density and the pressure. If the potential V (ϕ) is fairly flat
for the initial value that ϕ takes and if _ϕ is small initially, then the eld is going
to slowly move along the potential V . The small kinetic leads one to conclude that
ρϕ  V  −pϕ for a while. Using this relation in Eq. (2) we can verify right away
the right-hand side of the equation is positive, even for  = 0. The acceleration of
the expansion of the Universe will temporarily have a positive sign.
We proceed to show, using similar ideas, that the energy density ρB and pressure
pB due to cosmic magnetic elds also obey ρB  −pB, so that cosmic magnetic elds
contribute as a positive CC to the Universe’s acceleration. The Lagrangian of the
electromagnetic eld is given by LB = −14FµνF µν , and from it we can nd the density
ρB = T00 =
1
2
(E2 + B2) (4)
and
pB = Tii =
1
2
(E2 − B2). (5)
We will show in a moment that E2  B2; assuming this for the time being notice












= −4piG(ρ + 3p) + B. (7)
In these equations we have set  = 0 and dened B  4piGB2, and the quantities ρ
and p by denition do not to include the contributions due to cosmic electromagnetic
elds. The implication of Eqs. (6) and (7) is that the cosmic magnetic eld mimics a
positive CC.
We now show that it is actually true that E2  B2. Even though there are a few
high-speed charged particles shooting through the Cosmos, most form a nonrelativis-
tic, neutral plasma that is assumed to be an excellent conductor. In fact, assuming
the plasma to be innitely conducting, we have Ohm’s law for plasmas8
E + v B = 0. (8)
Since v, the particle’s velocity in units of the speed of light, is very small, just a few
meters per second, it can be concluded that in the interstellar plasma electric elds
are much weaker than the magnetic ones, and that therefore cosmic magnetic elds
contribute to the acceleration of the expansion of the Universe as a positive CC.
What we have said about cosmic magnetic elds bears no relation whatsoever
to the magnetic elds of photons. While cosmic magnetic elds are large coherent
structures that slowly drift along with the plasma, photons are small incoherent
excitations travelling at the speed of light, and it goes without saying that a photon
gas always exert a positive pressure. The quantization of photons, in the radiation
gauge, for example, requires the absence of currents and charges. This is a very
interesting situation, very similar to the one of the inflaton. An incoherent scalar
particle gas tends to slow the acceleration of the Universe, while the macroscopically
coherent eld ϕ, that is the solution to the Euler-Lagrange equations generated by
the Lagrangian density Lϕ under the initial conditions we mentioned above, tends to
accelerate this expansion.
While the cosmic magnetic elds act as a positive CC, they do not seem to be
the cause of the acceleration we are observing nowadays. They are too weak. Let us
estimate the magnitude of the magnetic eld necessary for the observed cosmological
acceleration. From the information contained in the references already cited we con-
clude that, approximately, ΩM = 0.3, ΩΛ = 0.7 and the curvature is zero. We switch
to Gaussian units to obtain the magnetic eld in Gauss. The critical mass density
is ρc = 3H
2
0(8piG)
−1 = 1.9  10−29h20 g-cm−3, so that taking h0 = 0.7 the energy
density due to the CC normalized density is u = ρcc
2ΩΛ = 5.9  10−9 erg-cm−3.
If this density were due to magnetic elds then u = B2/8pi, and B = 380µG. The
macroscopic magnetic elds that have been detected in galaxies, galactic halos and
clusters9,10 have values of a few µG. Assuming an average value of 10µG they are too
weak by a factor of 38 times to be the source of the CC. The elds of the interstellar
voids are believed to be several orders of magnitude smaller. So, unless we have been
grossly underestimating the intensity of cosmic magnetic elds, an unlikely situation,
they are far too weak to be the cause of the observed CC.
3
A couple of comments are in order with respect to the eect we have been dis-
cussing in this paper, of having cosmic magnetic elds acting as a CC. The rst is
that it is the cooling of the plasma what brings about the eect, as this is what make
the electric eld so much weaker than the magnetic. It should be interesting to re-
view the history of the Universe with this in mind. The second is that this eect can
occur in other Yang-Mills theories, because these theories can be written in in terms
of electric-like and magnetic-like elds11, with T00 and Tii looking similar to Eqs. (4)
and (5) for electromagnetism, but summed over the non-abelian quantum numbers.
If dark matter were made up of Yang-Mills elds then this is a possibility to consider,
as dark matter could act as a CC.
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